MICROCOPY  RESOLUTION  TESI  CHART 

NAllONAL  BUf<lAU  Of  STANDARD?. 


FTD-ID(RS)T-1260-77 


FOREIGN  TECHNOLOGY  DIVISION 


CERTAIN  RELATIONSHIPS  BETWEEN  THE  DISTRIBUTION 
MOMENTS  OF  BOUNDARY  VALUES  IN  RANDOM  SAMPLES 


G.  I.  Yegudin 


Approved  for  public  release 
distribution  unlimited. 


EDITED  TRANSLATION 


FTD-ID(RS)T-1260-77  8 August  1977 

MICROFICHE  NR;  ll-CL'OO  JO/ 3 


CERTAIN  RELATIONSHIPS  BETWEEN  THE  DISTRIBUTION 
MOMENTS  OF  BOUNDARY  VALUES  IN  RANDOM  SAMPLES 


By:  G.  I.  Yegudin 

English  pages:  10 


] 

i 


Source:  Doklady  Akademll  Nauk  SSSR,  Izd-vo 

Akademii  Nauk  SSSR,  Vol  58,  No.  8,  19^7, 
PP.  1581-1584 


Country  of  origin:  USSR 
Translated  by:  Carol  S.  Nack 
Requester:  AFFDL/FBRD 

Approved  for  public  release;  distribution  unlimited 


U.  S.  BOARD  ON  GEOGRAPHIC  NAMES  TRANSLITERATION  SYSTEM 


Block 

Italic 

Transliteration 

Block 

Italic 

Transliteration 

A 

a 

A 

a 

A , a 

P P 

F 

P 

R,  r 

5 

6 

B 

6 

B,  b 

C c 

C 

e 

S , s 

B 

8 

B 

$ 

V,  V 

T T 

T 

m 

T,  t 

r 

r 

r 

$ 

G,  g 

y y 

y 

y 

U,  u 

A 

fl 

a 

d 

D,  d 

Ct  ({1 

0 

* 

F,  f 

E 

e 

E 

» 

Ye,  ye;  E,  e* 

X X 

X 

X 

Kh,  kh 

W 

m 

M 

3K 

Zh,  zh 

U u 

u 

H 

Ts , ts 

3 

3 

3 

t 

Z , z 

H H 

V 

V 

Ch,  ch 

M 

H 

H 

U 

I,  i 

m lu 

w 

Ml 

Sh,  sh 

P! 

kl 

ft 

a 

Y,  y 

lU  m 

III 

Shch,  shch 

H 

H 

K 

K 

K,  k 

b b 

It 

;i 

n 

n 

A 

L,  1 

bl  bl 

hi 

y 

Y,  y 

.••1 

■•1 

M 

M 

M,  m 

b b 

h 

h 

t 

H 

H 

H 

M 

N,  n 

3 3 

9 

$ 

E , e 

0 

Q 

0 

0 

0,  0 

to  to 

K) 

H> 

Yu,  yu 

n 

n 

n 

If 

P,  P 

R fl 

X 

X 

Ya,  ya 

*ye  initially,  after  vowels,  and  after  t,  b;  e elsewhere. 
When  written  as  e in  Russian,  transliterate  as  ye  or  e. 
The  use  of  diacritical  marks  is  preferred,  but  such  marks 
may  be  omitted  when  expediency  dictates. 


GREEK  ALPHABET 


Alpha 

A 

a 

m 

Nu 

N 

V 

Beta 

B 

6 

Xi 

- 

C 

Gamma 

r 

Y 

Omicron 

0 

0 

Delta 

A 

6 

Pi 

n 

IT 

Epsilon 

E 

e 

t 

Rho 

p 

P 

Zeta 

Z 

C 

Sigma 

I 

0 

Eta 

H 

n 

Tau 

T 

T 

Theta 

0 

9 

s 

Upsllon 

T 

U 

Iota 

I 

i 

Phi 

4> 

Kappa 

K 

H 

K % 

Chi 

X 

X 

Lambda 

A 

X 

Psl 

'V 

Mu 

M 

u 

Omega 

(XI 

1 


« 


RUSSIAN  AND  ENGLISH  TRIGONOMETRIC  FUNCTIONS 


Russian 

English 

sin 

sin 

cos 

cos 

tg 

tan 

ctg 

cot 

sec 

sec 

cosec 

G sc 

sh 

sinh 

ch 

cosh 

th 

tanh 

cth 

coth 

sch 

sech 

c sch 

csch 

arc 

sin 

, -1 
sin 

-1 

arc 

cos 

cos 
^ -1 

arc 

tg 

tan 

^-1 

arc 

ctg 

cot 

-1 

arc 

sec 

sec 

-1 

arc 

cosec 

c sc 

arc 

sh 

sinh~^ 

. -1 

arc 

ch 

cosh 

-1 

arc 

th 

tanh 
, -1 

arc 

cth 

coth 
, -1 

arc 

sch 

sech 

^-1 

arc 

c sch 

csch 

rot 

curl 

Ig 

log 

GRAPHICS  DISCLAIMER 

All  figures,  graphics,  tables,  equations,  e 
merged  into  this  translation  were  extracted 
from  the  best  quality  copy  available. 


DOC 


1260 


CBBTAIN  RELATIONSHIPS  BETHEEN  THE  DISTBIBOTION  HOHENTS  OF  BOUNDARY 
VALDES  IN  RANDOM  SAMPLES 


G.  I.  Tegudin 


(Presented  by  Acad.  A.  N.  Kolaogorov  on  29  July  1947) 


Many  studies  on  the  laws  of  the  distcibuticn  of  boundary  values  | 
and  spread  (order)  in  saaples  aith  a given  voluae,  aainly  froa  a 
noraal  set  [1-6],  have  appeared  recently.  Furtheraore,  the 
calculations  of  certain  constants  which  these  reports  contain  are 
extreaely  significant  for  statistical  ccntzol*.  ^ 
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Footnote:  iPor  exanple,  they  ace  necessary  in  the  "spread"  method  of 
statistical  control  reconnended  in  [7].  End  foctnote 

If  we  establish  the  laws  of  the  distribution  of  all  the 
internediate  values,  as  well  as  the  boundary  values,  and  take  them 
into  consideration,  we  can  find  recurrent  formulae  which  are  related 
to  each  other  by  constants,  besides  certain  general  relationships.  As 
we  stated  above,  these  formulae  make  it  much  easier  to  calculate 
these  values.  These  formulae  can  also  be  considered  as  the 
relationships  between  certain  types  of  integrals. 

Let  there  be  a random  repeated  (and  in  the  case  of  an  infinite 
general  set,  also  unrepeated)  sample  of  volume  o from  a general  set 
whose  integral  distribution  law  is  P(x).  He  will  designate 

A'l.fl,  Ai,,, X„,i,  35  random  variables  which  are  in  increasing  (not 

decreasing)  order  of  the  values  of  I which  fora  each  of  the  samples 
with  volume  n taken:  A’i.n<  A''2,b<- • •<  An.n  . 


Then  it  is  easy  to  introduce  Fi,,„{x)  ~ - the 

integral  law  of  the  distribution  of  the  values  of  A'^.^  . hctually. 


ppn  
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[ 

f the  value  of  Mill  be  smaller  than  x in  ere  of  n - k «■  1 in  the 

i following  incoapatible  cases:  1)  when  all  n values  of  X in  the  sample 

are  swaller  than  x;  2)  when  n - 1 values  of  X are  smaller  than  x and 
one  value  is  larger  than  x;  n - k ♦ 1;  3)  when  k values  of  x are 

saaller  than  x,  and  the  rewaining  n - k values  are  greater  than  x. 

The  probability  that  exactly  i of  the  determined  (let  us  say,  first) 
values  of  X will  be  smaller  than  x and  the  remaining  n - i values 
^ will  be  greater  than  x in  a sample  with  volume  n is  equal  to  [ prob 

{A'<A-}j‘x  [prob  -/"(AOr-^ 


The  probability  that  any  i values  of  X will  be  smaller  than  x 
and  the  remaining  n - i values  will  be  greater  than  x in  this  same 
sample  is  obviously  equal  to  C'„[/='(a)]*[1  — /=^(a)]''“*. 

Thus,  the  unknown  probability  will  be:  ^ 

I 

[/'(A)r  [1  - /^(A)r\  (I)  ; 

i 

Further,  let  the  integrals  ] 


i 

I 


26 


X'=-  \ \ x'dFs.si^x) 


exist  for  certain  whole  positive  values  of  r,  i.e.,  A'i  is  the 
initial  aoaent  on  the  order  of  r of  the  lar9est  value  in  a sanple 
with  voluae  s.  Then  (1)  results  in 


Mow  we  will  prove  the  following  proposition: 

The  arithaetic  aean  of  the  initial  nooents  of  order  r of  values 
Xi,  n.  n, ....  A„.rt  equal  to  the  initial  aoment  of  the 

same  order  of  the  general  set.  i.e». 


i 2 \^dF,,,.ix)  = \xrdF{p^' 


, ^ cc 


Obviously,  it  suffices  to  show  that 


- y dPk.n{.x)=dF(,x). 


in  order  to  prove  (3). 


Troa  (1) 


ydF,,n(x)=  V V 

^ i 2^1  iS 

- Cj,  (n  - i)  [F  (A-):‘  [1  - F (a-);"-'-‘1  } dF  (x). 


The  ioternal  sue  cao  be  traasforaed 


^ Ci,l[F(x)r^[l-F(xX'’-'- 

J^-rl 

-yci(n-  o[F(x);‘[l  - F{x)]--‘~'^C^„^[F(x)J*-‘[l  - F(x)J»-*. 


This  Beans  that 


*— 1 

*-i 

-n  [/^ (a:)>-' (-y-r  1‘  - ^ W:“-‘ =«. 


which  also  proves  (4),  and,  consequently,  (3). 


ie  will  point  out  that  equation  (3)  is,  of  course,  the  extension 
of  the  known  property  of  the  associativity  of  the  arithaetic  mean  of 
n of  the  values  to  the  case  in  question. 


Dsing  (2),  we  can  write  the  following  instead  of  (3) 
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n n /X- 1 


A'as.1  i^mJt  IsmJj 


where  the  initial  aoaeat  of  order  r of  the  general  set  is  designated 

fcy  «,(A0 


In  particular,  if  the  law  of  the  distribution  of  the  general  set 
is  nornal,  then,  assuning  that  the  center  of  the  distribution  is 
equal  to  zero: 


Then 


i x'e  -^rL-  ' e dtldx^as.rfs', 

Y2-<i  J V2T:a  J 


where  as,r,  which  depend  on  s and  t,  are  those  values  whose  aagnitudes 
are  necessary  in  statistical  applications  for  different  n,  at  least 
for  r = 1,  2,  3,  4, 


Por  the  general  set  (6),  r m^{X)=Q  and  at  all  odd 

r.  Therefore,  (5)  results  in  the  following  recurrent  relationship 
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between  the  values  of  cin.r  at  different  n and  fixed  r 


2 ci  2 


Obviously,  this  equation  can  also  be  considered  to  be  the 
recurrent  relationship  between  integrals  of  type  (7)  at  odd  r^. 


iHhen  exaaining  integrals  (7)  at  r = 1,  V.  I.  Fcmanovskiy  [8] 
established  the  relationship  in  (8)  between  them.  End  footnote 


At  even  r. 


X'.  =X‘ 


and  (5)  results  in  the  following 


recurrent  relationship  between  the  values  of  ^n.r  at  different  h and 
any  fixed  r: 


n n 


V VC-'  VC-  .(-lya. 


n . 0 


Obviously,  this  equation  establishes  the  relationship  between 


type  (7)  integrals  at  even  r. 


If  we  designate 


=*■  iXJ=Xl  - {Xj‘={a^_  2 - ^ ^ 


and  (9),  not  (8),  results  in  recurrent  relationships  between  the 
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scatterings  of  the  distribution  of  the  largest  (smallest)  values  in 
samples  of  different  volumes  from  the  normal  set. 

The  statistical  value  of  the  constant  a^.r  is  obvious.  Suppose 
that  a random  samples  have  been  taken*  each  with  volume  n,  from  a 
normal  general  set.  He  will  use  A'..,  and  to  designate  the 

statistics  which  are  the  first  and  second  sampled  initial  moments, 
respectively,  with  the  largest  values,  i. e.,  the  arithmetic  means  of 
the  first  and  second  orders,  respectively,  of  the  largest  values 
observed  in  each  of  a samples  taken,  with  the  same  volume  n.  Then,  if 
we  know  that  the  center  of  the  general  distribution  is  egual  tc  zero, 
the  correlated  estimate  *2  of  the  scattering  of  the  general  set  will 
be  equal  to  the  following  value,  as  follows  from  (7) 

**/*.  r 

If  the  normal  general  set  has  an  unknown  distribution  center 
equal  to  A',  the  correlated  estimate  of  this  parameter  will  obviously 
be  the  value  — (.A'„— A'l, i. 


Footnote;  ^The  calculation  of  the  standard  error  in  the  approximation 
which  gives  us  this  estimate  shows  that  when  the  researcher  is 
limited  not  so  much  by  the  volume  of  the  sample  as  by  the  difficulty 
of  making  measurements,  for  example,  (which  often  occurs  in 
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I 

industrial  applications)  when  deteraining  the  overall  aean  of  the 
saaple,  it  is  possible  to  considerably  decrease  the  nuaber  of  these 
aeasureaents  without  decreasing  the  precision  of  the  approxination. 
Instead  of  measuring  all  N units  of  the  saaple,  which  is  required  by 
the  usual  aethod  of  measuring  the  mean,  N - the  volume  of  the  entite 
sample  - should  be  increased  somewhat,  then  it  should  be  subdivided 
into  m groups  of  volume  n,  and  2m  measurements  c£  the  boundary  values 
in  each  group  should  be  made  in  all.  The  boundary  samples  can  often 
be  selected  without  measuring  them.  End  footnote 


Here  « is  the  smallest  mean  sampled  value,  i.e.,  the 

arithmetic  mean  m observed  in  each  of  the  samples  made  of  the 
smallest  values.  In  this  case,  (10)  cannot  be  used  to  estimate  the 
scattering  of  the  general  set  0^.  Besides  the  obvous  estimation  of  0^ 
by  the  spread  of  the  sample,  we  can  now  also  estimate  the  parameters 
of  the  general  set  0^  and  without  considering  the  smallest 
observed  values  in  the  samples  taken,  basing  our  calculations  only  on 
the  largest  sampled  values  of  A',,  in  this  case,  the  value 

1 ni  I XT,  i 

"2 — 1: 1 ~ J , whose  mathematical  expectation  is  again 

equal  to  «>,  should  be  used  for  the  estisate  of  0^. 


Eurthermore,  if  X is  the  center  of  the  distribution  of  the 


~X„  = a„.  I c— A' 


Therefore,  the  following  can  be  taken 


general  set. 
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as  the  estieate  (not  correlated)  of  the  value  of  X 


v>-  ‘'/1. 1 , / ry  1*' 


The  inforaation  stated  in  the  footnote  is  even  aore  applicable 

to  this  estieate. 


Received  29  July  1947 
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